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Program Objectives

ImpactTechnical Challenges

Establish common infrastructure, mathematical foundations, 
and metrics for building, controlling, and understanding 
agent-based systems

System SynthesisSystem Synthesis
ToolkitToolkit

Agent DesignAgent Design
MethodologiesMethodologies

Taskable Agent Software Kit

Enable rapid construction of robust, highly 
decentralized agent-based solutions for military 
missions

Prediction and engineering of global behavior 
for high confidence

Increased autonomy reduces manpower 
requirements

Establish Key foundational technologies for 
Cognitive Systems.

Design techniques for flexible, run-time distribution 
of control to regulate collective behavior without 
centralized design

Adaptation strategies for recognizing and 
responding to unanticipated mission and 
environment dynamics

Coordination methods for agreeing on group goals, 
assignments and shared situation assessment

Multi-scale methods for analyzing, predicting, and 
controlling global behavior

Open Experimental Framework (OEF)
Enabling unmanned taskable resources to act autonomously and 

cooperatively to fulfill surveillance/targeting missions in 
highly dynamic dangerous environments

Heterogeneous autonomous 
agents

Complex tasks
Detection, tracking, ID
Constraints, cooperative tasking

Continuous, evolving missions

Cooperation required to achieve 
mission objectives

Threats are dynamic & may 
adapt their behavior

MultiMulti--Agent Agent 
System AnalysisSystem Analysis
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TASK Research Thrusts
Tools, Techniques for Agent-Based System Design
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Agent Design 
Methodologies

• Control & decision frameworks
• Adaptation strategies

• Environment assessment
• Coordination algorithms

Multi-Agent System 
Analysis

• Global behavior characterization
• Convergence and stability

• Global behavior 
• Scalability and robustness

System Synthesis 
Toolkit

• Formal specification
• Composition of behaviors

• Generation and optimization
• Simulation

Establish core 
decision & control 
mechanisms and 
define metrics for 
appropriate use

Predict & control 
global behavior in 
large scale systems

Provide software tools 
for synthesis & analysis 
of next-generation 
multi-agent systems
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Technical Approaches

Agent Design Methodology

AutonomyAutonomy

AdaptabilityAdaptability CoordinationCoordination

Hierarchical 
Reinforcement Learning 

(Alphatech)

Hierarchical Adaptive 
Control (MIT/BBN)

Single agent learning 
based on information 

theory (SFI)

Bayesian techniques for 
situation assessment    

(U Texas)

Commitment 
Strategies          

(U Michigan)

Information immune 
systems (U NM)

Bidding protocols for 
negotiation (Stanford)

Coalition formation 
(USC ISI)

Rule-based specification 
& reasoning (UIUC)

Approximations to 
centralized gradients 

(Dartmouth)

Distributed control 
and decision 
frameworks

Match agent 
adaptation to rate 
of change and degree 
of uncertainty in 
environment

Trade offs between 
local information and 

global goals
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Technical Approaches

Multi-Agent System Analysis

Interaction ModelsInteraction Models

““Classical”Classical”
EngineeringEngineering

ProbabilisticProbabilistic

Convergence, stability 
(Dartmouth)

Physics-based models, 
control models 
(SFI,USC ISI)

Game theory, decision 
theory (Stanford)

Competitive versus 
collaborative global 

behavior

Stability, scalability, 
and convergence

Impact of uncertainty 
on system dynamics

(Robustness)

Physical AnalogiesPhysical AnalogiesBiological models (U NM)

Network analysis 
(U Mass)

Constraint satisfaction 
(U Michigan)

Elementary reactive 
behavior (MIT)

Markov decision 
processes (Alphatech, 
USC/ISI)

Coalition behaviors 
(USC/ISI)

Group commitments 
(U Michigan)

Large-scale global 
behaviors
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Technical Approaches

System Synthesis Toolkit

Formal SpecificationFormal Specification
Of Agent SystemsOf Agent Systems

SimulationSimulation GenerationGeneration
&&

OptimizationOptimization

Dartmouth

Alphatech

Hampshire College

U Michigan

MIT/BBN

Dartmouth

UIUC

U Michigan

U Mass

Hampshire

U Texas

UNM
Metron

Approved for Public Release, Distribution Unlimited



68-9 Oct 2002 GMK

BASIC OEF Problem:
M air vehicles cooperate to service N tasks

Unanticipated dynamics
Agents need to be able to recognize new situations, find “similar” past experience, adapt past experience for 
current response, remember new experiences and responses 

MAS behavior must be robust and predictable
reliable predictable behavior, scale to large #s of AVs, extreme stresses/uncertainty (environ/threats), etc.

Enabling unmanned taskable resources to act autonomously and cooperatively to fulfill 
surveillance/targeting missions in highly dynamic dangerous environments

…to search for, identify, and destroy hostile (e.g. al-Qaeda) operatives, equipment, bases, …

Heterogeneous autonomous agents
Vehicles  have local objectives and must 
distribute control for cooperative missions

Tasks 
Complex: I.e. heterogeneous, require detection, 
tracking, ID, constraints, cooperative tasking

Continuous, evolving missions
Cooperation

Agents must coordinate and share information to 
achieve mission objectives

Threats: dynamic & may adapt their 
behavior

TASK Open Experimentation Framework
(OEF)
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Adaptation
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No 
Failures

Robust to 
Failures

MAS Problem/Solution Space:
Characterized by MAS Critical Elements and Problem Parameters

“Future”
Solutions

Baseline
Solutions

Solution/Problem
Space

Project A - MAS Adaptation Solution

OEF
Scaled
Domain

MAS Design
Problem (5)

OEF
Search and 
Surveillance
Coord/Adapt 
MAS Design
Problem (1)
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UAV Adaptation & Coordination
Roadmap

•Define Problem
Series

•Define
Experiments

•Identify Metrics

•Demonstrate
Solutions

•Document
Methodologies

•Compile TASK
Toolkit

Problem UAV-S: Simple cooperative search and surveillance problem
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